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DUAL SEGMENT BALL VALVE 

TECHNICAL FIELD 

This application relates to a ball valve and a ball element used inside such a valve. In 
particular, the ball element has two leading edge profiles that provide dual flow characteristics in 
the ball valve. 

5 BACKGROUND 

Various types of valves are available to be used across a wide range of applications, such 
as chemical processing, water control, petroleum refining, and fluid transport. Ball valves are a 
very popular choice for many of these applications because ball valves are reliable and simple to 
use. A ball valve in its simplest form comprises a housing or body having passages in each end 

10 of the body that can be placed in line with, and attached to, a pipe carrying a fluid. A ball having 
a cylindrical flow passage drilled through it is then placed in the valve body. The ball can be 
rotated inside the body so that fluid flows when the flow passage in the valve is in line with the 
passages in the valve body and with the pipe, and fluid does not flow when the passage through 
the ball is cross-wise to the passages in the valve body and the pipe (i.e., when the pipe "sees" 

15 only the sohd sides of the ball). In this manner, a ball valve can be turned from completely 
closed to wide open simply by turning the ball one-quarter tum. This tum can be provided 
manually or by an actuator, such as an actuator that may be driven by a signal from an automatic, 
computerized control system or by manually adjusting a switch. 

It is also common to produce a ball valve in which the "ball" element is merely a partial 

20 segment of a full ball. In particular, the ball may include only enough material so that the hole in 
the body is fully blocked on the upstream side of the body when the valve is full-shut. Generally, 
this ball segment is only on the upstream or intake side of the valve, as there is little need to 
provide a blocking surface on the downstream side where the fluid is not impinging. Although 
the ball segment need not extend back to the middle of the valve to provide a seal, the ball 

25 segment can be formed to have tabs or ears that extend backward to accept the shaft or shafts on 

which the ball rotates in the valve body. Thus, when the valve is opened, the segment swings to 

one side of the flow path, and fluid flows past the backside of the ball segment. 

While ball valves can be turned on or off easily, they also can be turned partway on or 

partway off to provide controlled, throttled fluid flow. When the valve is full-open, the cross- 
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section of the fluid path through the valve will be circular, as the circular flow passage in the 
valve aligns completely with the circular hole in the body. As the valve is closed and the side 
edge of the flow passage in the ball (or the curved edge of a ball segment's back side) approaches 
the side edge of the flow passage in the body, the area through which fluid may pass goes from a 
5 circle, to a football shape, and then to a narrow vertical sliver that is pointed at the top and 
bottom, and that fattens slightly at the middle. In theory, a ball valve has an equal percentage 
type control characteristic, in that equal increments of relative ball rotation should yield equal 
percentage increments of the relative flow coefiBcient. The decreasing width and length of the 
flow path as a ball valve is closed, however, causes the valve to throttle more quickly with each 

10 corresponding degree of rotation than it did when the valve was full-open. In addition, the small 
sliver can create turbulence and pressure drop as a result of the Camot effect. As a result, it can 
be difficult to provide precise control at very low flows using a ball valve. 

For a control ball valve, the leading edge of the ball can have a major influence on the 
amount of fluid flow per degree of angular rotation, particularly when the valve is opened a very 

15 small amount. The leading edge is the edge that closes against the valve body as the flow path is 
folly blocked, and that faces the oncoming fluid flow when the valve is opened. Some prior ball 
valves have provided a smoothed v-notch shape on the leading edge of the flow passage or ball 
segment to better control the fluid flow characteristics of the valve, particularly at low flows. 
Other contoured leading edges may also be provided, and a contoured leading edge may be 

20 provided in combination with a contoured trailing edge having a different profile from the 
leading edge. However, while a contoured leading edge shape generally provides a more 
controllable response characteristic at lower flow openings, it typically limits the amount of fluid 
flow when the valve is at a high-flow condition. Therefore, it is desirable to have a control ball 
valve that provides good control characteristics and good low-flow and good high-flow 

25 characteristics. 



SUMMARY 

In general, a ball valve and a ball valve control element are disclosed for use in 
controlling fluid flow through the valve. The control element may be provided with two control 
30 surfaces on its inside portion, and the two portions can define two distinct leading edges for the 
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control element where they intersect with a generally cylindrical outer surface of the control 
element. 

In one embodiment, a ball valve is disclosed and comprises a valve body defining an 
inner seat and having a fluid inlet and fluid outlet, and a control ball element rotatably mounted 
5 in the inner seat. The control ball element has a partially spherical outer surface, a flow passage 
through said ball element having disposed on an upstream end of said flow passage, a leading 
edge, a first inner control surface abutting the leading edge, and a second inner control surface 
abutting the leading edge at an angle oblique to the first inner control surface. The first inner 
control surface may comprise a cylindrical surface having a first longitudinal axis and the second 

10 inner control surface may comprise a cylindrical surface having a second longitudinal axis that 
may be at an angle to the first longitudinal axis, such as an angle of about nine degrees. The 
leading edge may comprise a v-formation, and symmetric segments on each side of the v- 
formation, and the valve may also comprise a control shaft attached to the control ball element, 
and an actuator configured to rotate the control shaft in response to a control signal. The control 

15 ball element may also comprise a trailing edge abutting the first inner control surface, but not the 
second inner control surface, and a pair of descending ears may be provided on the control ball 
element, wherein each ear defines a cylindrical passage. Furthermore, the ball valve may 
comprises a pair of cylindrical extensions, wherein each extension is attached to a respective ear 
of the control ball element. 

20 In another embodiment, a control ball element is disclosed, and comprises a ball 

segment having a partially spherical outer surface, a leading edge on the ball segment, and a flow 
passage through said ball element having a first inner control surface on the ball segment and 
abutting the leading edge, and a second inner control surface on the ball segment and abutting 
the leading edge at an angle to the first inner control surface. The first inner control surface may 

25 comprise a cylindrical surface having a first longitudinal axis, and the second inner control 

surface may comprise a cylindrical surface having a second longitudinal axis, at an oblique angle 
to the first longitudinal axis, such as at about a nine degree angle. The leading edge may 
comprise a v-formation and symmetric segments on each side of the v-formation, and the ball 
segment may comprise a trailing edge abutting the first inner control surface, but not the second 

30 inner control surface. The element may further comprise a pair of ears descending from 
opposing sides of the ball segment. 
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In yet another embodiment, a ball valve element is disclosed and comprises a ball 
segment having a substantially spherical outer surface, a top segment on a front edge of the ball 
segment and defining a top segment centerline, a pair of flaring segments defining a first leading 
edge on the ball segment, the flaring segments being symmetric to each other about the top 
5 segment centerline, and a pair of descending segments adjacent the flaring segments and 

symmetric to each other about the top segment centerline. The pair of descending segments are 
formed by the intersection of the outer surface, with a first inner surface of the ball segment. The 
pair of flaring segments may be formed by the intersection of the outer surface with a second 
inner surface of the ball segment. 
10 The details of one or more embodiments of the invention are set forth in the accompa- 

nying drawings and the description below. Other features, objects, and advantages of the 
invention will be apparent from the description and drawings, and from the claims. 

DESCRIPTION OF DRAWINGS 

Figure 1 is a perspective view of a prior art control valve ball. 
15 Figure 2 is a perspective view of a control valve having dual characteristics. 

Figures 3a-3b are side, end, and perspective views of a control valve having dual 
characteristics. 

Figure 4 shows cut-away perspective views and end views of a dual characteristic ball 
valve illustrating the control valve ball in various angles of rotation and corresponding end views 
20 illustrating the control ball in corresponding angels of rotation. 

Figure 5 shows a cut-away view of a ball valve assembly. 

Like reference symbols in the various drawings indicate like elements. 

DETAILED DESCRIPTION 

Figure 1 is a perspective view of a prior art control ball element 10, showing some of the 

25 general features of a ball element. A ball segment 11 is formed from a thickness of material on 

one side of ball element 10. Ball segment 11 has a generally spherical convex outer siu-face 12, 

which allows the control ball element to rotate smoothly within a valve body (not shown). A 

flow passage 13 extends from one side to the opposite side of ball segment 11 — ^the upstream to 

the downstream side when the ball is open. The inner surface 24 of ball segment 1 1 may take a 

30 convex form that generally matches the form of outer surface 12, so that ball segment 1 1 has a 
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substantially constant thickness. Ball segment 11 has a leading edge 14, which is the edge that is 
first contacted with fluid flow into the valve. Leading edge 14 has a slightly curved surface in 
the form of a smooth arc, much as the leading edge on a full size ball having a cylindrical hole 
drilled in it would have an arced shape (i.e., the arc being the portion of the circle formed by the 
5 hole). Ball segment 11 also has a trailing edge 16 opposite the leading edge 14. The trailing 
edge 16 is generally flat in shape with slight curved tapers at each end. A pair of ears 18 extend 
downward on each side of ball segment 11. The ears 18 are generally round at their bottom 
edges, and define generally circular shaft passages 22 through their centers. The shaft passages 
22 are configured to receive a ball valve shaft and bushings used to rotate the control ball 

10 element 10 when it is mounted in a valve body. Extensions 20 reach outward from each ear 18 
around the periphery of the passages 22. These extensions 20 can mate with corresponding 
forms in the valve body to hold control ball element 10 in place and allow it to rotate smoothly, 
via a bushing-like fitting. 

Figure 2 is a perspective view of a control ball element 30 having dual characteristics. 

15 The element 30 has a ball segment 32, with a pair of ears 52 extending downward fi-om each side 
of the ball segment 32. The ball segment 32 has a generally spherical outer surface 34 that 
enables the ball segment 32 to rotate smoothly inside a ball valve housing or body as the valve is 
rotated. The outer surface 34 wraps downward around the sides of ball segment 34 to flat 
shoulders 66 on each side of the control ball element 30. Bushing bosses in the form of 

20 extensions 54 form passages 62, reach outward fi-om each shoulder 66, and can meet the 

shoulders 66 at a smoothed radius 60. Each extension 54 is topped by a land 58 that abuts a 
slight chamfer 56. The extensions 54 are sized to mate with corresponding forms in a valve 
body, and chamfers 56 can make it easier to fit the extensions 54 into the corresponding forms. 
A flow passage 33 extends through ball segment 32. Flow passage 33 has a contoured 

25 leading edge that helps provide control ball element 30 with improved performance 

characteristics. The leading edge comprises a number of segments that are synmietric with 
respect to a fi-ont-to-back axial centerline of the control ball element 30. Starting at the center, 
there is a top segment 36 that serves as the rounded point of a v-formation. Flaring segments 42 
extend downward and outward fi^om the top segment 36 to form the v-formation. The flaring 

30 segments 42 may initially be straight as they move away from the top segment 36, but may then 
begin to curve slightly inward. In this way, the leading edge approximate the shape for a 
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Standard control ball element, in which a cylindrical hole is formed in a spherical ball, and is 
adjusted to provide a v-shape for better low-flow operation. 

The flaring segments 42 meet descending segments 44 at the flaring segments' ends 
farthest from the top segment 36. The descending segments 44 continue the general curve 
5 started by the flaring segments 42, but can meet the flaring segments 42 at a slight angle. This 
angle is created because the ball segment has two different control surfaces on its inside. The 
trailing edge 50 follows the curve of the cylindrical hole. 

A first inner surface 40 is generally defined by a cylindrical cut made through the center 
of the control ball element 30. It has a constant radius along a substantial portion of the cut, and 

10 thus may approximate the flow passage of a traditional ball valve. The first inner surface 40 is 
also shown to be substantially flat from front to back. Of course, as shown in the figure, the first 
surface 40 of flow passage 33 is only a portion of a fiiU cylinder and forms a "U" shape, because 
the control ball element 30 does not comprise a frill ball, and because the inner lower portions of 
ears 52 descend straight downward. As will be well understood, the first inner surface 40 could 

15 also take on a variety of other appropriate forms. For example, the surface 40 could have a 

changing radius throughout its periphery. It could also take on a concave or convex shape from 
front to back, rather than a flat shape, depending on the expected application of the valve. 

A second inner surface 38 is also defined on the inside of ball segment 32. Conceptually, 
the second inner surface 38 is a second characterized cut milled on the inside of the ball segment 

20 32 after the first inner surface 40 is milled as a round port through the ball. The second cut is 
made as a slightty v-shaped hole after the ball is tilted downward, for example, nine degrees, 
from its position'for the first cut. The second inner surface 38 is generally flat from front to 
back, but tapers outward from the center of the control ball element as it moves from back to 
front. As a result, the open area of the flow passage 33 decreases as one moves backward toward 

25 the center of the control ball element 30 over the length of the second inner surface 38, and 
remains constant after the second inner surface 38 has terminated. 

The leading edge also has symmetric segments 46 that reach from the descending 
segments 44 to points from which curved lateral segments 48 extend back to the ears 52, which 
have generally parallel inner edges 64 at their lower ends. Segments 46 are generally vertical 

30 and begin where the bottom edge of the first inner surface 40 ends. Each of segments 36, 42, 44, 
46, and 48 can be provided with smoothly radiused, gently transitioning edges to allow for 
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smooth travel of the valve seat over the segments as the valve is rotated toward a closed position. 
Together, the dual segment design has two leading edges or two leading edge portions that can 
provide both for good flow capacity and controllability without appreciable performance 
compromise. 

5 The control ball element 30 can take a variety of forms, and be produced from a variety 

of materials. For example, the element 30 can be made from stainless steel, ceramic, or carbon 
steel, or from alloys such as Avesta, Hastelloy, Monel, Iconel, Stellite, Alloy 6, and Alloy 20. 
The ball control element 30 may also be chrome-plated or Stellite hard faced. 

In an alternative implementation, the trailing edge 50 of the ball element 30 may also be 

10 provided with dual characteristics. For example, the parameters of the leading edge could be 

selected to provide certain flow characteristics while the parameters of the trailing edge could be 
selected to provide other flow characteristics. Although such an arrangement may compromise 
maximum flow capacity for the valve, it would enable the ball element 30 to be mounted two 
different ways to provide different performance. In this manner, a manufacturer could provide 

15 customers with additional performance options without the need for the manufacturer to make 
and stock as much inventory, and without the need for the customers to stock as many models 
either. 

The parameters of a particular characterized cut are a consequence of the leading edge 
shape, which can be designed to provide a balance between fine stepped flow characteristic and 
20 flow capacity. The flow passage 33 may first be optimized to meet ANSI or other appropriate 
requirements. Next, the spherical diameter of ball element 30 and the bushing bosses may be 
sized to fit the valve body of the particular valve, with allowance for clearances and 
manufacturing tolerances. The clearance should be adequate for operation with the bottom 
bushing installed. 

25 The V-characterized cut angle and flow passage 33 diameter of the ball element 30 may 

then be determined. The transitions at various points on the leading edge may be configured to 
minimize intrusion into the valve's flow stream and to take into account seat interference and 
overlap. (Seat overlap is the ball length minus the edge blends, and in practice, is the amount of 
ball rotation between shut off of flow and fiiU closed position, assuming ninety degrees rotation.) 

30 When the valve is fiiU open, the back of the ball should not intrude into the flow stream. 
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The selection of appropriate parameters for a particular valve, both for considerations of 
seat location and valve performance, is within the ability of one having ordinary skill. The goal 
for valve performance may include maximum flow capacity and a characterized "V" contour that 
provides adequate seat overlap and ninety degrees of actuation from full-open to full-closed. The 
5 various factors that may be considered include one or more of the following: 

Ball segment angle: Increasing ball segment angle also increases ball length and seat 
overlap. For a given ratio of ball port diameter to ball spherical diameter, there is a maximum 
segment angle where the transition becomes an edge and increasing the angle further does not 
increase ball length. 

10 V-characterized contour: increasing the contour (deviation from roimd) of the 

characterized cut shape results in an increase in the angle and/or depth of the cut and reduces seat 
overlap. 

V-characterized cut depth and angle: increasing the cut depth decreases seat overlap. If 
the cut is too shallow, the "V" contour will be truncated at the ball port interface. 
15 Ball spherical diameter: increasing spherical diameter increases seat overlap. It also 

increases the quantity of spherical ball surface wiped by the seat, per degree of actuation. A 
larger spherical diameter of a given ball length will clear the seat in fewer degrees of actuation. 

Ball port diameter: increasing the ball port diameter cuts into the spherical diameter and 
decreases seat overlap. The ball segment angle should be balanced with the "V" characterized cut 
20 angle/depth and seat overlap so the cylindrical ball port is parallel to the flow stream at 90 
degrees of rotation (full open). 

Leading edge blend: increasing the leading edge blend length decreases seat overlap. The 
blend length and radius should result in a depth from the spherical ball surface that exceeds the 
seat assembly interference. 
25 Ball length: increasing ball length increases seat overlap. Ball length is measured by the 

linear distance from apex of the characterized v-notch to the other end of the ball spherical radius 

Seat diameter: increasing the seat inside diameter allows for higher capacity and 
decreases seat overlap. 

Distance from seat to stem centerline: increasing the seat distance from the stem 
30 centerline increases seat overlap indirectly. To maintain seat-to-ball assembly interference with a 
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longer seat-to-centerline distance, either the ball spherical diameter is increased (increasing 
overlap) or the seat inside diameter decreased (also increasing overlap). 

Figures 3a-3c are side, end, and perspective views, respectively, of the control ball 
element 30 of Figure 2. As shown in Figure 3 a, in one particular embodiment for a two-inch ball 
5 valve, the first inner surface 40 may be provided at a nine degree angle to the second inner 

surface 38. The second inner surface 38 may be formed as a cut that is made perpendicular to an 
axis passing through the centerpoints of passages 62, and made 0,774 inches above the axis. 
Other dimensions and angles may be employed, as appropriate, and depending on the size of the 
valve. For example, the angle between the two cuts may be between about 6 degrees and about 

10 12 degrees, and more preferably may be about 9 degrees. 

Figure 3 b shows the firont view of the control ball element 30, particularly showing the 
leading edge in solid line and the trailing edge in dashed line. In this figure, the v-formation can 
be seen at the center, with the flaring segments extending outward and downward, the 
descending segments continuing downward, and the final segments extending farther downward 

15 and then outward to the ears. The smooth curvature of the trailing edge can also be observed in 
the Figure 3b. In addition, it can be seen that the passage in one ear is larger than the passage in 
the other so as to accommodate a bushing. Figure 3c then provides a view similar to that of 
Figure 2, but in a solid-line and hidden-line format. 

Figure 4 shows cut-away perspective views and end views of a dual characteristic ball 

20 valve in various angles of rotation. Each pair of views provides a corresponding view for a 

particular rotation angle. The views in the right-hand colxmm are taken fi-om the left side of the 
valves shown in the left-hand colunrn, and are rotated ninety degrees fi"om the figures in the left- 
hand column. In view 80, the ball is rotated 5 degrees fi*om fiiU-closed, while in view 82, the 
ball is rotated twenty degrees from fiiU-closed, and the flow path is presented as including the v- 

25 formation of the control ball element. In views 84, 86, the ball is rotated fifty degrees firom fiiU- 
closed. Here, a substantial portion of the leading edge is visible, and the general curved shape of 
the leading edge is exerting more influence on the fluid flow than is the v-formation. In views 
88, 90, the ball is rotated eighty-one degrees firom fiiU-closed, and substantially all of the control 
ball segment is out of the path of the fluid flow. In views 92, 94, the ball is rotated ninety 

30 degrees fi-om full-closed, and is thus fiiU-open. The control ball element has disappeared out of 
the way of the fluid flow, thereby maximizing high flow characteristics. In addition, the second 
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inner surface of the control ball element tapers slightly to the outside of the valve, so that the 
leading edge is slightly outside the diameter of the intake of the valve and is generally in line 
with a sealing ring. Thus, fluid entering the valve of view 92 from the left will avoid being 
caught on any lip of the control ball element that might otherwise stick up from the sealing ring. 
5 In this manner, fluid will flow more smoothly from the intake area of the valve and through the 
control ball element. 

Figure 5 shows a cut-away view of a ball valve assembly 100. The assembly 100 
generally comprises a body 102 designed to receive fluid as indicated by the flow arrow. The 
valve body 102 has a central hollow cylinder 104 through which the fluid controlled by valve 

10 100 is allowed to flow. A control bail element 106 is mounted in the hollow cylinder 104 and is 
able to rotate so as to block flow through cylinder 104 or to permit flow through cylinder 104. 
Cylinder 104 will generally be enlarged slightly at the location of control ball element 106 so 
that control ball element 106 can form a full seal around the periphery of the cylinder 104, and 
may also move out of the way of the fluid flow when the valve 100 is opened. Seats or seal rings 

15 (not shown) may be provided in the cylinder 104 and in contact with control ball element 106, to 
prevent fluid leakage when the valve 100 is closed. The seals may be formed of any appropriate 
material, including MN-7 polymer, metals, Teflon, or PTFE. 

The control ball element 106 is rotated and driven by control shaft 108, which extends 
from the control ball element 106 to the outside of the valve body 102. A packing material or 

20 other sealing material may be provided between the control shaft 108 and the valve body 102 to 
prevent fluid from leaking out of the valve 100. As shown more clearly in the other figures, the 
control ball element 106 may include ears that define channels through which the control shaft 
108 can be received, and on which the control ball element 106 may be mounted. In particular, 
to keep the control shaft 108 from interfering with the fluid flow, one ear of the control ball 

25 element 106 may be received in a pocket in the valve body 102, and the other ear may receive an 
end of the control shaft 108. The connection between the control ball element 106 and the 
control shaft 108 may use pins or keys, or spline connections. The control shaft 108 is driven by 
an actuator 110, which may be mechanical, electromechanical, pneumatic, or any other suitable 
form. Manual and/or computer generated signals may provide instructions to the actuator. The 

30 actuator may further be connected to an automatic control system, such as by a local area 
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network, using protocols including the Ethernet protocol, which provide control signals to the 
actuator to cause it to change the position of control ball element 106. 

A nximber of embodiments of the invention have been described. Nevertheless, it will be 
understood that various modifications may be made without departing from the spirit and scope 
5 of the invention. For example, the control surfaces may take various shapes and the control ball 
element may also take various shapes, and may be more or less of a complete ball than shown in 
the figures. Accordingly, other embodiments are within the scope of the following claims. 
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